Rivaroxaban has been recommended for routine use as a thromboprophylactic agent in patients undergoing lower-limb arthroplasty. However, trials supporting its use have not fully evaluated the risks of wound complications. This study of 1048 total hip/knee replacements records the rates of return to theatre and infection before and after the change from a low molecular weight heparin (tinzaparin) to rivaroxaban as the agent of chemical thromboprophylaxis in patients undergoing lower-limb arthroplasty. During a period of 13 months, 489 consecutive patients undergoing lower-limb arthroplasty received tinzaparin and the next 559 consecutive patients received rivaroxaban as thromboprophylaxis.
Rivaroxaban (Xarelto; Bayer Schering Pharma AG, Wuppertal, Germany) is one of the first oral factor Xa inhibitors to be licensed for thromboprophylaxis after total knee and hip replacement surgery. Four large studies conducted by RECORD (The Regulation of Coagulation in Orthopaedic Surgery to Prevent Deep Vein Thrombosis and Pulmonary Embolism) have shown it to be effective in preventing venous thromboembolism compared with enoxaparin (Clexane/Lovenox; Sanofi-Aventis, Frankfurt, Germany). [1] [2] [3] [4] These studies were the sole evidence on which the National Institute of Clinical Excellence (NICE) 5 based the approval of rivaroxaban for use as chemical thromboprophylaxis following hip and knee joint replacement in England and Wales. Although these studies demonstrated no significant increase in the rates of major bleeding, concerns have been raised about the lack of data on other potential surgical complications. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Surgical outcomes such as the rate of wound healing, haematoma formation and drainage were either not included or only addressed as secondary safety outcomes by the RECORD trials. These complications have previously been shown to increase rates of wound infection and subsequent return to theatre. 12, 13 Risk factors for developing a wound complication and/or infection after a total hip (THR) or knee replacement (TKR) include thromboprophylaxis, immunosuppressive therapy, prolonged wound drainage, obesity, diabetes mellitus, hypothyroidism, renal failure and previous open surgical procedures. 12, 13 Following concerns raised by an author from the RECORD 4 group, 11 this study aimed to report the effects of rivaroxaban on wound complications, infections and return to theatre in patients undergoing THR and TKR.
Patients and Methods
Between February 2009 and February 2010, all the patients who underwent a THR or TKR at our hospital and returned to theatre with a wound-related complication within 30 days of their operation were included in the study. The study period of 13 months included six months prior to and seven months following the introduction of rivaroxaban as the agent of choice for chemical thromboprophylaxis.
Group 1 comprised patients who had their primary operation between 1 February 2009 and 31 July 2009 (six months). These patients received tinzaparin (Innohep; LEO Pharma A/S, Ballerup, Denmark) (4500 U subcutaneously, once daily) as thromboprophylaxis from day one post-operatively for 28 days, in accordance with the hospital protocol, which was based on the NICE guidelines.
Group 2 had their primary operation between 1 August 2009 and 28 February 2010 (seven months). They received rivaroxaban (10 mg orally, once daily) as thromboprophylaxis from day one post-operatively in accordance with the new hospital protocol, which reflects the latest guidance from NICE. THRs received prophylaxis for 28 days and TKRs for 14 days.
Patients in both of the groups also wore thromboembolic deterrent stockings for six weeks after surgery, received the same single intravenous dose of prophylactic antibiotics, and were encouraged to mobilise early in the post-operative period. No drains were used at the operation in either group.
Theatre logs from the study period were analysed to identify all patients who had returned to theatre within 30 days of the operation. The hospital case notes were analysed to record demographics and relevant comorbidities that might have contributed as risk factors for delayed wound healing, post-operative bleeding or wound infection (Table I) .
Patients were excluded from the return to theatre subanalysis groups if the indication for this was not related to the wound. In group 1, one patient was excluded because of dislocation. In group 2, one patient was excluded because of wound dehiscence after a fall at home, and two were excluded because of dislocation (Fig. 1) .
Return to theatre for a wound-related complication was defined as returning to theatre for open irrigation and debridement of a wound within 30 days of the operation. The indication for surgical management of wound problems remained unchanged during the period of the study and was at the clinical discretion of the nine consultant surgeons involved. Indications for return to theatre included clinical signs of wound infection and/or haematoma and raised inflammatory blood markers (including rising trends in CRP, ESR and white cell count). As this study was not a prospective trial, fixed criteria and protocols for indications for return to theatre could not be used. Clinical signs of infection and rising inflammatory markers informed the decisions of the consultant surgeons involved. All the patients who returned to theatre with wound complications had microbiological specimens taken (fluid and tissues) according to departmental protocol. Standard sampling techniques were used, with five samples taken and sterile instruments used for each. The bacterial culture results were retrieved from the hospital laboratory database. The wound was considered deeply infected if the primary samples taken from deep tissues isolated the same organism, after standard and enriched culture. Statistical analysis. Analysis was on an intention-to-treat basis. All statistical analyses were performed using SPSS version 14.0 (SPSS Inc., Chicago, Illinois). Categorical data were analysed using a 2 × 2 contingency table with chisquared and Fisher's exact tests as dictated by sample size. Continuous data were analysed using the Student's t-test. The null hypothesis was that there would be no difference in the return to theatre rates between group 1 and group 2. Statistical significance would be reached at a confidence interval (CI) of 95% (p < 0.05).
Results
There were a total of 1048 patients in the study: 489 in group 1 and 559 in group 2. There were a similar proportion of THRs and TKRs performed in each group: 195:294 and 249:310, respectively (chi-squared test, p = 0.13).
In group 1 (tinzaparin), nine of the 489 patients (1.8%, 95% CI 0.9 to 3.5) returned to theatre with wound complications. In group 2 (rivaroxaban), 22 of 559 patients returned to theatre (3.94%, 95% CI 2.6 to 5.9). This increase was statistically significant (p = 0.046). Demographics and comorbidities were similar in the subgroups of return to theatre patients (Table I) .
Of those patients who returned to theatre, microbiology results showed that five of the nine (55.5%) in group 1 had a deep infection, compared with 14 of 22 (63.6%) in group 2 (p = 0.7). The overall rate of deep infection in group 1 was 1% (95% CI 0.4 to 2.4), compared with 2.5% (95% CI 1.5 to 4.2) in group 2 (p = 0.102).
Rates of venous thromboembolism remained similar in both groups. The incidence of symptomatic radiologically confirmed pulmonary embolism was 0.8% (95% CI 0.24 to 2.16) in group 1 and 0.9% (95% CI 0.32 to 2.14) in group 2 (p = 1.00).
Analysis of the return to theatre patients (Table II) revealed that there was no statistically significant difference in the mean time from primary operation to return to theatre between groups 1 and 2 (17.22 days (8 to 25) vs 16.81 days (6 to 30), p = 0.89). Wound haematoma was the stated indication for return to theatre in significantly more cases after rivaroxaban was introduced (0 vs 9, p = 0.032). The return to theatre patients were more likely to require more than one washout (3 vs 9, p = 1.00) and a total joint revision (1 vs 2, p = 1.00) after rivaroxaban was introduced, but neither observation was statistically significant. The analysis of this subgroup based on THRs and TKRs separately is shown in Table III .
The mean length of hospital stay for the primary operation in patients who subsequently returned to theatre in group 1 (tinzaparin) was 6.1 days (2 to 8), and in group 2 (rivaroxaban) was six days (2 to 10). There was no statistically significant difference in the mean total length of stay for those patients who returned to theatre in groups 1 and 2 (21.0 days (10 to 32) vs 18.8 days (7 to 79), 95% CI -9.22 to 13.58, p = 0.70). 14 Subsequent correlation of the National Joint Registry (England and Wales) and the Hospital Episode Statistics 15 data has shown an increased rate of venous thromboembolism in patients undergoing THR despite an increased use of low molecular weight heparin chemical thromboprophylaxis. Additional concern exists regarding an increase in the incidence of complications associated with chemical thromboprophylaxis, such as prolonged wound drainage 12 and thrombocytopenia. 15, 16 The RECORD trials were deficient in their lack of measurement of surgical outcomes such as wound healing, drainage, infection, range of movement and chronic pain. This led one of the authors of the RECORD4 paper 2 to later state that he would not recommend it (rivaroxaban) for his patients. 10 Prolonged wound drainage after lower-limb arthroplasty is associated with infection, longer hospital stay, reoperation, and a subsequent increase in the economic burden on the national resources. 17 We could not find any reports focusing on the potential wound complications associated with the use of oral factor Xa inhibitors such as rivaroxaban.
In this study period, patients who received rivaroxaban were more than twice as likely to return to theatre with a wound complication after THR or TKR as those who received tinzaparin (3.94% vs 1.8%, p = 0.046). In both groups, patients having a THR were more likely to return to theatre compared with those having a TKR (group 1, 8 vs 1, p = 0.004, and group 2, 16 vs 6, chi-squared test, p = 0.015) (Table III) .
Separating the TKR from the THR patients still shows an increase in the rate of return to theatre after changing from tinzaparin to rivaroxaban as the thromboprophylactic agent. In the TKR patients the rate increased from 0.3% (1 of 294) to 2% (6 of 249) after the change to rivaroxaban. This was statistically significant (p = 0.05). In the THR patients the rate increased from 4.1% (8 of 195) to 5.2% (16 of 310), but this did not reach statistical significance (p = 0.67) (Table III) .
Post-operative wound infection remains a major burden on both the patient and the healthcare provider. Deep infection following arthroplasty is a high-morbidity complication that often requires many surgical debridements, protracted courses of expensive and potentially toxic antibiotics, prolonged hospital stay with immobilisation and isolation, and frequently staged revision procedures. 21 Our rate of infection increased from 1% to 2.5% following the introduction of rivaroxaban. An infection rate of 1% is similar to that reported in the literature following hip and knee replacement. 22, 23 Our rate of venous thromboembolism events remained unchanged; however, the study size would be underpowered to detect a difference, and no meaningful statistical analysis could therefore be performed.
On further detailed analysis of the return to theatre cases it was noted that the stated indication for this was a 'wound haematoma' in significantly more cases after rivaroxaban was introduced (0 vs 9, p = 0.032).
The mean hospital length of stay for a primary TKR or THR in our hospital at the time of this study was 5.3 days (1 to 79). Patients who subsequently had wound complications and returned to theatre were noted to have a slightly longer mean length of stay. It may have been that this was because of concerns over their persistently leaking wounds, but data here are lacking. The mean total length of stay in these patients (including the initial stay for the primary procedure as well as the return to theatre hospital stay) was 22 days (7 to 79). There was no statistically significant difference in the mean total length of stay between groups 1 and 2 (p = 0.70); however, the observed increase in the number of return to theatre patients in the rivaroxaban group led to an overall increase in the total number of extra hospital days required for this group. Several cost-effectiveness models have shown oral anticoagulants, including rivaroxaban, to be more effective and less expensive than enoxaparin sodium; 24, 25 however, these models fail to take into account the risk of prolonged wound drainage, post-operative infection and haematoma, which are known to have high personal, healthcare and socioeconomic costs.
Our hospital was one of the first in the United Kingdom to introduce rivaroxaban as thromboprophylaxis for all THRs and TKRs. In the RECORD trials, enoxaparin was used as the control drug, [1] [2] [3] [4] however, tinzaparin was used as the control drug in this trial, as this was the established Trust protocol. Direct comparison trials in THR have shown enoxaparin to be of equal efficacy and safety to tinzaparin. 26 This was a retrospective, non-randomised cohort trial, and therefore cannot causally link the use of rivaroxaban with an increased rate of wound complication; however, the only variable that changed in the study period was the chemical prophylaxis.
The retrospective nature of the study may be considered as a potential weakness, but also a potential strength, as the surgeons' decision was not influenced by an ongoing prospective study. Other weaknesses include a disparate group size and multiple surgeons in the series. The study durations, and hence group sizes for groups 1 and 2 were unequal. Retrospective analysis could not be extended beyond February 2009, as antibiotic prophylaxis changed at this point in a drive to reduce iatrogenic Clostridium difficile colitis associated with cephalosporins. Operations in both groups were carried out by the same nine surgeons, including three authors (PFP, MRR, SDM).
Thromboembolism after arthroplasty is considered to be a potentially serious complication. The incidence of venous thromboembolism events in the practice of modern arthroplasty has been challenged; 27 however, current NICE guidelines continue to recommend extended chemical prophylaxis.
The risk of venous thromboembolism needs to be balanced against the potential medical and surgical complications of the drug used to prevent it. The RECORD trials do not adequately assess these surgical complications, and focus only on the risk of major bleeding. Our study demonstrates the urgent need for further randomised controlled clinical trials to assess the safety and efficacy of rivaroxaban in clinical practice, focusing on the surgical complications as well as the potential prevention of venous thromboembolism. Based on this study, we have discontinued the use of rivaroxaban in our hospital until robust evidence from independent randomised clinical trials becomes available.
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